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Phenotypic and phylogenetic studies were performed on three strains of Gram-negative, rod-shaped organisms recovered from dead birds of the tit families (blue tit, coal tit and long-tailed tit). Morphological, cultural and biochemical studies indicated that the organisms were related to the family Cardiobacteriaceae in the gamma-subclass of the Proteobacteria. Comparative 16S rRNA gene sequencing studies confirmed these findings and demonstrated that the bacterium represents a hitherto unknown subline within this family. The closest phylogenetic relative of the strains isolated from the birds was found to be Suttonella indologenes, although a sequence divergence of approximately 5 % demonstrated that the unknown bacterium represented a novel species. On the basis of the results of the phylogenetic analysis and phenotypic criteria, it is proposed that the bacteria recovered from the diseased birds represent a novel species, Suttonella ornithocola sp. nov., with strain B6/99/2 T (=CCUG 49457 T =NCTC 13337 T ) as the type strain.
In 1990, Dewhirst et al. (1990) described the Cardiobacteriaceae, a new family within the gamma-subclass of the Proteobacteria, to include the genus Cardiobacterium and the newly defined genera Suttonella and Dichelobacter. The family Cardiobacteriaceae embraces fastidious Gramnegative bacilli associated with several diseases of man and other animals. The type species of the genus Cardiobacterium, Cardiobacterium hominis, is an occasional resident of the human respiratory tract and has been associated with bacteraemia and endocarditis (Wormser & Bottone, 1983; Kiwan et al., 1989) . The only other member of the genus with a validly published name, Cardiobacterium valvarum, originated from a case of human endocarditis (Han et al., 2004) . The genera Dichelobacter and Suttonella include organisms previously classified as Bacteroides nodosus and Kingella indologenes, respectively (Dewhirst et al., 1990) . Dichelobacter nodosus is the causative agent of footrot in sheep, goats and cattle (Skerman, 1989) and Suttonella indologenes has been recovered from human eye infections and from cases of endocarditis (Jenny et al., 1987; Sutton et al., 1972; van Bijsterveld, 1970) . During the late winter of 1995/spring of 1996, a number of mass mortalities of predominantly male blue tits (Parus caeruleus), but also other related species, occurred in the UK (Kirkwood et al., 2005) . In the course of bacteriological investigations following post-mortem examinations of some of these birds, fastidious Gram-negative, rod-shaped organisms were recovered from the congested lungs of the majority of birds examined. No other significant organisms were recovered from the birds and it is suspected that these Gram-negative, rod-shaped organisms may have been a factor in the deaths of the birds (Kirkwood et al., 2005) .
Three strains collected from a blue tit, a coal tit (Parus acer) and a long-tailed tit (Aegthalos candatus) were selected for further detailed characterization. In this paper, we describe the cultural and biochemical characteristics of these bacteria and the results of a polyphasic taxonomic investigation.
The strains were isolated on Columbia blood agar base (Oxoid) supplemented with 5 % citrated sheep blood (CSBA). Plates were incubated at 37 u C in an aerobic atmosphere with 5 % added CO 2 . b-Haemolytic colonies which attained a diameter of 2-3 mm after 48 h were recovered from the primary isolation plates. Three isolates were selected, transferred to fresh CSBA plates for maintenance and subjected to a range of characterization tests (Barrow & Feltham, 1993) . The ability to grow at 25 uC, 42 uC and in air without added CO 2 was tested on CSBA. Anaerobic growth was tested on pre-reduced CSBA in an anaerobic chamber. Growth was also checked on unsupplemented nutrient agar (Oxoid). Acid production from carbohydrates was assessed using phenol red broth sugars and peptone water sugars. Triple-sugar iron agar (TSI) was used to test for hydrogen sulphide production. Bile tolerance was tested on ditch plates with 40 % bile agar. Alkaline phosphatase activity was determined using Rosco tablets (Bioconnections). Sensitivity to penicillin (1?5 U ml 21 ; Oxoid) was tested by disc diffusion.
Isolates were characterized phylogenetically using 16S rRNA gene sequencing. 16S rRNA genes were amplified by PCR using universal primers pA (sequence 59-AGAGTTT-GATCCTGGCTCAG-39, 8-28 Escherichia coli numbering) and pH (sequence 59-AAGGAGGTGATCCAGCCGCA-39, 1542-1522) as described by Hutson et al. (1993) and sequenced directly using a Taq dye-deoxy terminator cycle sequencing kit (Applied Biosystems) and an automatic DNA sequencer (model 373A; Applied Biosystems). The closest known relatives of the bird isolates were identified by performing database searches using the FASTA program. These sequences, and those of other known related strains, were retrieved from GenBank and aligned with the newly determined sequences using the SEQtools program (Rasmussen, 2002) . The resulting multiple sequence alignment was corrected manually using the GENEDOC program. A phylogenetic tree was constructed according to the neighbour-joining method with the SEQtools and TREEVIEW programs. The stability of the groupings was estimated by bootstrap analysis (1000 replications) using the same programs.
Three strains of a fermentative Gram-negative, rod-shaped bacillus were isolated from the congested lungs of three wild birds which had been examined following a mass mortality event. The organisms were catalase-positive, oxidasepositive and non-motile. When grown on CSBA at 37 u C in a capnophilic atmosphere, colonies of the three isolates were circular, entire, low convex, shiny, opaque, grey, butyrous, attained a diameter of 2-3 mm after 48 h and were surrounded by a zone of b-haemolysis. Growth was poorer in air without added CO 2 and in anaerobic conditions. Growth occurred on unsupplemented nutrient agar, at 25 and 42 u C and in the presence of 6 % NaCl and 40 % bile, but not on MacConkey agar without salt. Casein was degraded and two strains hydrolysed Tween 20 and 80. Activity for alkaline phosphatase was positive, but negative for DNase and ONPG. Urease and indole were not produced and neither nitrates nor nitrites were reduced. H 2 S production was negative in TSI. Tests for arginine dihydrolase and for lysine and ornithine decarboxylases were negative. Acid was produced from fructose, glucose, mannose, sucrose and trehalose, but not from galactose, inositol, lactose, maltose, mannitol, raffinose, salicin, sorbitol or xylose. The three isolates were sensitive to penicillin (1?5 U ml
21
) by disc diffusion.
To investigate the phylogenetic position of the three bird isolates, their 16S rRNA gene sequences were examined. The almost-complete gene sequences of the three strains were determined and pair-wise comparisons showed that the three isolates were highly related to each other, exhibiting 99?9-100 % sequence similarity (based on a comparison of approximately 1400 bases). The 16S rRNA gene sequence of one of the strains, B6/99/2 T , was used to search GenBank/ EMBL. The highest sequence similarities were found with species of the family Cardiobacteriaceae (data not shown). A tree constructed using the neighbour-joining method showing the phylogenetic position of strain B6/99/2 T in relation to members of the Cardiobacteriaceae and some other related organisms is presented in Fig. 1 . The treeing program demonstrated that strain B6/99/2 T represents a hitherto unknown subline that clusters with S. indologenes.
In the present study, we have comprehensively characterized three strains of a hitherto unknown bacterium recovered from a blue tit, a coal tit and a long-tailed tit following mass mortalities amongst these species in the UK. It is evident from the results of the phenotypic and phylogenetic studies that the bird isolates represent a novel species within the family Cardiobacteriaceae. Phylogenetically, the closest relative of the bird isolates is S. indologenes. Strain B6/99/2 T formed a robust cluster with this species, supported by a bootstrap resampling value of 93 %. Despite this significant association, a 16S rRNA gene sequence divergence of 5?3 % (based on 1400 nucleotide bases) clearly demonstrates that the bird isolates represent a species distinct from S. indologenes. D. nodosus was more distantly related to strain B6/ 99/2 T as shown by a 16S rRNA sequence divergence of 9 %. Although there is no precise correlation between 16S rRNA gene sequence divergence and species delineation, it is generally recognized that divergence values of 3 % or more are significant (Stackebrandt & Goebel, 1994) . Support for the affinity between the bird isolates and the genus Suttonella is also apparent from phenotypic criteria. However, the bird isolates can be differentiated from S. indologenes on the basis of tests for b-haemolysis, catalase activity, indole production and fermentation reactions with some sugars (see Table 1 ). Therefore, based on both phenotypic and molecular genetic evidence, we are of the opinion that the strains isolated from the wild birds represent a novel species of the genus Suttonella, for which the name Suttonella ornithocola is proposed. The assignment of this novel species to the genus Suttonella, however, necessitates a revision of the genus description (see below). Dewhirst et al. 1990 The description of the genus Suttonella is as described by Dewhirst et al. (1990) except that the genus may be catalase-negative or -positive and indole may or may not be produced.
Emended description of the genus Suttonella
Description of Suttonella ornithocola sp. nov.
Suttonella ornithocola [or.ni9tho.co.la. Gr. n. ornis bird; L. suff. cola (from L. n. incola) dweller; N.L. n. ornithocola bird dweller].
The following description of morphological and physiological characteristics is based on the results of studies of three strains. Gram-negative, non-motile, non-encapsulated and non-spore-forming rods. Aerobic. Growth is enhanced by CO 2 . Colonies on CSBA incubated in a capnophilic atmosphere at 37 u C for 48 h are 2-3 mm in diameter, circular, entire, low convex, shiny, opaque, grey, butyrous and b-haemolytic. Growth occurs on unsupplemented nutrient agar and at 25 and 42 u C, but is poorer in an anaerobic atmosphere. Growth occurs in 6 % NaCl and with 40 % bile. Oxidase and catalase positive. Indole, urease and H 2 S negative. Arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase negative. Alkaline phosphatase positive. DNase and ONPG negative. Acid is produced from fructose, glucose, mannose, sucrose and trehalose. Acid is not produced from galactose, inositol, lactose, maltose, mannitol, raffinose, salicin, sorbitol or xylose. 
